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shows the polarization profile whereas the bottom panel shows the beam intensity profile,
respectively. While the beam intensity profile is well reproduced by the Gaussian shape,
the beam polarization profile shows reasonable χ2 for the linear and Gaussian functions. A
small χ2 of ∼ 1.2 with linear fit and large width σ ∼ 3 ± 0.6 mm implies there was no or
very weak horizontal polarization profile in blue beam when the measurement was executed
during fill # 7151 within the measured range ±1.5mm from the beam center.
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Figure 7.2: The horizontal polarization (top) and the intensity (bottom) profiles of the blue
beam during fill # 7151. The vertical axis of the intensity profile is calculated from the
total number of events within the kinematic cuts divided by the wall current monitor and
normalized at the peak amplitude of the Gaussian fit. The horizontal axes are the relative
target position in mm with respect to the beam center defined by the Gaussian fit on the
intensity profile. Left panel shows the linear and right panel shows the Gaussian fits on the
polarization profiles, respectively.

On the contrary, the polarization profiles appeared rather strong in yellow measurements
as presented in Fig. 7.3 for fill # 7133 (left) and 7151 (right). The polarization profiles are
not necessarily the same and the fill 7151 appears rather stronger than that of 7133. The
results of the linear fit on these polarization profiles are not presented in Fig.7.3, evidently
they gave very poor fits. Instead they are tabulated in Table 7.1. For a comparison, the
fitting results are plotted together in the same plots as shown in Fig. 7.4. Since the yellow
beam polarization profiles are observed thus strong, it is necessary to somehow correct for
the profile effect in order to compare the average polarizations measured by proton-Carbon
and H-Jet polarimeters. Unfortunately, there are no other dedicated profile measurements
reliably done for Run05 and it is still short of information to evaluate the profile correction
which can be applied for all the fills.

The beam intensity profile changes from fill to fill, beginning of the fill to the end of fill.
The polarization profile can be shrunk/smeared accordingly as long as it is evaluated as a
function of distance from the beam center. The relevant approach to compare the profiles
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R=	
  0.08	

•  The	
  fixed	
  target	
  experiment	
  is	
  

designed	
  to	
  use	
  the	
  edge	
  of	
  the	
  
beam	
  intensity	
  profile	
  in	
  order	
  to	
  
avoid	
  immediate	
  beam	
  loss.	
  

•  It	
  is	
  known	
  that	
  the	
  beam	
  
polariza(on	
  has	
  also	
  profile	
  and	
  
the	
  polariza(on	
  is	
  lower	
  and	
  
lower	
  as	
  a	
  func(on	
  of	
  the	
  
distance	
  from	
  the	
  beam	
  center.	
  

•  This	
  is	
  a	
  cri(cal	
  issue	
  for	
  the	
  fixed	
  
target	
  experiment	
  using	
  the	
  
polarized	
  beam.	


Polariza(on	
  Profile	


Intensity	
  Profile	


Fig.	
  Polariza(on	
  and	
  intensity	
  profile	
  observed	
  in	
  Run5.	
  
Polariza(on	
  profile	
  was	
  measured	
  in	
  a	
  few	
  %	
  sta(s(cal	
  
error	
  by	
  taking	
  data	
  for	
  longer	
  (me	
  towards	
  the	
  edge.	




Run15	
  Fixed	
  Target	
  Beam	
  Condi(on	


•  β*	
  of	
  the	
  beam	
  =	
  10m	
  	
  
•  The	
  transverse	
  beam	
  size	
  is	
  ~300µm	
  at	
  the	
  
loca(on	
  of	
  fixed	
  target	
  (2m	
  away	
  from	
  IP)	
  

•  The	
  fixed	
  target	
  experiment	
  was	
  carried	
  out	
  at	
  
7mm	
  away	
  from	
  the	
  target.	
  	
  

•  This	
  corresponds	
  to	
  23σ	
  of	
  the	
  beam	
  intensity	
  
profile.	
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From	
  Run15	
  fixed	
  target	
  pilot	
  run	




Observed	
  Polariza(on	
  Profiles	
  from	
  Past	
  Runs	


100	
  GeV	
 250	
  GeV	


Horizontal	
 Ver(cal	
 Horizontal	
  	
 Ver(cal	


Run	
  9	
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R	
  values	
  are	
  larger	
  at	
  250	
  GeV	
  which	
  indicates	
  smaller	
  σp	
  from	
  smaller	
  σI	
  than	
  100GeV.	
  
Let’s	
  wildly	
  assume	
  R=0.2	
  and	
  R=0.08	
  as	
  typical	
  polariza(on	
  profile	
  for	
  250GeV	
  and	
  
100GeV,	
  respec(vely.	
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data	
  source	
  :	
  cnipol	
  webpage	




Expected	
  Polariza(on	
  at	
  7mm	
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where	


σ I = 300µm

Expected	
  polariza(ons	
  were	
  
calculated	
  for	
  0.08	
  and	
  0.2	
  as	
  
typical	
  profile	
  for	
  100GeV	
  and	
  
250GeV.	
  Nevertheless	
  
regardless	
  of	
  beam	
  energy,	
  the	
  
polariza(on	
  is	
  nearly	
  zero	
  at	
  
7mm	
  away	
  from	
  the	
  center.	
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Interim	
  Summary	


•  It	
  is	
  unfeasible	
  to	
  expect	
  decent	
  polariza(on	
  
for	
  the	
  250GeV	
  proton	
  beam	
  under	
  the	
  
exis(ng	
  fixed	
  target	
  opera(ng	
  condi(on,	
  i.e.	
  
distance	
  between	
  the	
  beam	
  center	
  and	
  the	
  
target	
  	
  of	
  about	
  7mm	
  (23σ).

•  This	
  is	
  an	
  unique	
  issue	
  for	
  the	
  polarized	
  
proton	
  beam	
  and	
  not	
  the	
  case	
  for	
  unpolarized	
  
beam.	
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Any	
  get	
  around	
  solu(ons?	
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The	
  only	
  way	
  to	
  execute	
  fixed	
  
target	
  under	
  decent	
  polariza(on	
  
is	
  to	
  shid	
  the	
  beam	
  center	
  closer	
  
to	
  the	
  target	
  with	
  reduced	
  beam	
  
intensity.	
  The	
  required	
  distance	
  
will	
  be	
  <	
  3σ,	
  where	
  polariza(on	
  is	
  
expected	
  to	
  be	
  80%	
  of	
  the	
  beam	
  
center.	
  However	
  the	
  beam	
  
intensity	
  is	
  1%	
  at	
  3σ of	
  the	
  center	
  
here	
  and	
  therefore	
  the	
  beam	
  will	
  
be	
  lost	
  right	
  away.	
  An	
  order	
  of	
  
magnitude	
  thinner	
  target	
  won’t	
  
help.	
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Any	
  get	
  around	
  solu(ons?	
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If	
  the	
  beam	
  is	
  away	
  from	
  the	
  
target	
  by	
  5σ,	
  the	
  beam	
  intensity	
  
is	
  7	
  order	
  of	
  magnitude	
  lower	
  
than	
  the	
  where	
  polariza(on	
  is	
  
expected	
  to	
  be	
  ½	
  of	
  the	
  beam	
  
center.	
  	
  
However,	
  the	
  polariza(on	
  
changes	
  dras(cally	
  within	
  the	
  
target	
  area.	
  This	
  rapid	
  change	
  
introduce	
  trouble	
  to	
  evaluate	
  the	
  
polariza(on.	
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target	


target	
  ~	
  3mm	




Wire	
  Target	

•  In	
  order	
  to	
  avoid	
  covering	
  steep	
  

polariza(on	
  profile,	
  the	
  wire/strip	
  
target	
  is	
  to	
  be	
  considered.	
  	
  

•  It	
  is	
  s(ll	
  require	
  to	
  shid	
  the	
  beam	
  
to	
  the	
  target	
  less	
  than	
  5σ.	
  The	
  
feasibility	
  is	
  to	
  be	
  studied	
  for	
  
–  Beam	
  loss	
  and	
  radia(on	
  interlock	
  

limit	
  
–  Radia(on	
  to	
  detectors	
  by	
  the	
  

beam	
  scraping	
  backgrounds.	
  
–  More	
  irreducible	
  beam	
  	
  scraping	
  

background	
  frac(on	
  in	
  RHICf.	
  
–  Engineering	
  issue;	
  support,	
  heat	
  

loads,	
  etc.	
  
–  Systema(c	
  error	
  of	
  the	
  

polariza(on	
  at	
  the	
  target	
  posi(on.	
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3mm	


From	
  target	
  to	
  the	
  beam	
  pipe	
  is	
  
3mm.	
  This	
  is	
  addi(onal	
  10σ	
  in	
  the	
  
beam	
  intensity	
  profile.	




Summary	


•  The	
  polariza(on	
  profile	
  is	
  the	
  cri(cal	
  issue	
  for	
  
the	
  fixed	
  target	
  measurement.	
  

•  Shorten	
  the	
  distance	
  between	
  the	
  beam	
  
center	
  to	
  the	
  target	
  within	
  5σ	
  or	
  less,	
  no	
  
polariza(on	
  is	
  expected.	
  

•  Will	
  seek	
  for	
  the	
  feasibility	
  for	
  the	
  wire/strip	
  
target.	
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BACKUP	
  SLIDES	


11	




Dedicated	
  Polariza(on	
  Measurements	
  
in	
  Run5	
  (Blue)	


shows the polarization profile whereas the bottom panel shows the beam intensity profile,
respectively. While the beam intensity profile is well reproduced by the Gaussian shape,
the beam polarization profile shows reasonable χ2 for the linear and Gaussian functions. A
small χ2 of ∼ 1.2 with linear fit and large width σ ∼ 3 ± 0.6 mm implies there was no or
very weak horizontal polarization profile in blue beam when the measurement was executed
during fill # 7151 within the measured range ±1.5mm from the beam center.
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Figure 7.2: The horizontal polarization (top) and the intensity (bottom) profiles of the blue
beam during fill # 7151. The vertical axis of the intensity profile is calculated from the
total number of events within the kinematic cuts divided by the wall current monitor and
normalized at the peak amplitude of the Gaussian fit. The horizontal axes are the relative
target position in mm with respect to the beam center defined by the Gaussian fit on the
intensity profile. Left panel shows the linear and right panel shows the Gaussian fits on the
polarization profiles, respectively.

On the contrary, the polarization profiles appeared rather strong in yellow measurements
as presented in Fig. 7.3 for fill # 7133 (left) and 7151 (right). The polarization profiles are
not necessarily the same and the fill 7151 appears rather stronger than that of 7133. The
results of the linear fit on these polarization profiles are not presented in Fig.7.3, evidently
they gave very poor fits. Instead they are tabulated in Table 7.1. For a comparison, the
fitting results are plotted together in the same plots as shown in Fig. 7.4. Since the yellow
beam polarization profiles are observed thus strong, it is necessary to somehow correct for
the profile effect in order to compare the average polarizations measured by proton-Carbon
and H-Jet polarimeters. Unfortunately, there are no other dedicated profile measurements
reliably done for Run05 and it is still short of information to evaluate the profile correction
which can be applied for all the fills.

The beam intensity profile changes from fill to fill, beginning of the fill to the end of fill.
The polarization profile can be shrunk/smeared accordingly as long as it is evaluated as a
function of distance from the beam center. The relevant approach to compare the profiles
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Figure 7.3: The horizontal polarization (top) and the intensity (bottom) profiles of the yellow
beam during fill # 7133 (left) and 7151 (right). Horizontal and vertical axes are the same
as Fig.7.2.
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Figure 7.4: The horizontal polarization (top) and the intensity (bottom) profiles of the two
measurements in yellow and one measurement in blue. The only Gaussian fitting result is
plotted for blue measurement in fill # 7151.
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Figure 7.3: The horizontal polarization (top) and the intensity (bottom) profiles of the yellow
beam during fill # 7133 (left) and 7151 (right). Horizontal and vertical axes are the same
as Fig.7.2.
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Figure 7.4: The horizontal polarization (top) and the intensity (bottom) profiles of the two
measurements in yellow and one measurement in blue. The only Gaussian fitting result is
plotted for blue measurement in fill # 7151.
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for 100 GeV beams, similar in both transverse projections. The value of R obtained for
100 GeV beams at RHIC is very similar to the one obtained at RHIC injection and at
the AGS [4].

To get a more firm statement about the polarization profiles in Run9 (and to double
check the conclusion about the profile made above), we selected only good measurements,
when intensity profile was gaussian (not corrupted), as for example the one shown in
Fig. 28. Fig. 35 and 36 summarize such measurements in Run9 data, which confirm our
conclusion about the average polarization profile parameters R of ∼ 0.4 for 250 GeV
beams and ∼ 0.08 for 100 GeV beams in Run9. The results are summarized in Table 2.

Table 2
The polarization profile parameter R, average over fills . For the “low rate” case data was
used with rates < 30 kHz/strip (notice, only few points satisfied “low rate” condition at√

s = 500 GeV (see Fig. 31), so the corresponding numbers can not represent the average
R from the whole data sample).
√

s, GeV Blue-Horiz Blue-Vert Yell-Horiz Yell-Vert
500, from Fig. 31 (all) 0.29 ± 0.02 0.22 ± 0.02 0.31 ± 0.02 0.27 ± 0.02
500, from Fig. 31 (low rate) 0.63 ± 0.09 0.49 ± 0.10 0.31 ± 0.07 0.41 ± 0.08
500, from Fig. 35 (good prof) 0.37 ± 0.04 — 0.32 ± 0.03 0.39 ± 0.03
200, from Fig. 32 (all) 0.053 ± 0.005 0.050 ± 0.010 0.067 ± 0.005 0.066 ± 0.006
200, from Fig. 32 (low rate) 0.061 ± 0.011 0.076 ± 0.015 0.076 ± 0.015 0.089 ± 0.014
200, from Fig. 36 (good prof) 0.073 ± 0.012 0.075 ± 0.015 0.056 ± 0.010 0.117 ± 0.018

Despite that in Run9 parameter R was supposed to be determined in both transverse
directions from scan measurements in each physics fill (by polarimeter-1 in one projection
and by polarimeter-2 in the other projection), there were only a few fills, which provided
reliable measurement of R. In the final results we decided to use the same R parameter
for all fills (from the average in “good prof” measurements in Table 2), 0.36 for

√
s =500

GeV and 0.08 for for
√

s =200 GeV measurements, with a fill-by-fill uncertainty ±0.36
and ±0.08, respectively, which roughly reflects the range of variation of R from fill to
fill as from Fig. 31, 32, 35 and 36. The uncertainty on the average of R should enter
the global polarization uncertainty (correlated for all fills, separately for

√
s =500 GeV

and 200 GeV measurements). From the (maximal) variation of the numbers in Table 2
relative to the average values of 0.36 and 0.08, it was (over)estimated to be ±0.14 and
±0.04, for

√
s =500 GeV and 200 GeV, respectively.

6.3. Normalization to HJet
Normaliztion for the pC measurements is obtained from the comparison of HJet mea-

surements ([5]) with the average beam polarization ⟨P ⟩ across beam transverse profile
obtained by pC. The latter can be taken from a scan measurement Pscan, which supposed
to measure ⟨P ⟩. Unfortunately Pscan biases the true value of ⟨P ⟩ in case we have rate or
“loose target” problems. For “loose target” measurements the unbiased value of ⟨P ⟩ can
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